Abstract. Olfactory coding at the level of the olfactory bulb is thought to depend upon an ensemble response of mitral cells receiving input from chemotopically-organized projections of olfactory sensory neurons and regulated by lateral inhibitory circuits. Immunocytochemical methods are described to metabolically classify neurons in the developing zebrafish olfactory system based on the relative concentrations of taurine, glutamate, GABA (and potentially other small biogenic amines) and a small guanidium-based cation, agmatine, which labels NMDA-sensitive cells
Introduction
Olfactory signaling begins when odors impinge upon the appropriate odorant receptors located on the apical dendrites of olfactory sensory neurons [1] . The transduction cascade activated initiates action potential firing to communicate the odorant binding event to the central nervous system. Centrally, olfactory sensory neuron (OSN) axons terminate in specific glomerular fields in the olfactory bulb and synaptically communicate with second order projection neurons, the mitral and tufted cells. Since each OSN expresses a single type of odorant receptor [2] and all OSNs expressing the same odorant receptor project to only 2-3 glomeruli [3, 4] , odors activate the bulb in a chemotopic fashion. Typically, mitral cell dendrites innervate a single glomerulus suggesting that olfactory signaling between the OSNs and mitral cells can be thought of as labeled line communication. However, since the odors most commonly encountered in an environment are mixtures rather than individual compounds the ensemble response of all participating mitral cells must be considered in studies of olfactory coding. The ensemble response is further modified by lateral inhibitory circuits established by local GABAergic and dopaminergic interneurons driven by OSN and mitral cell activity [5] [6] [7] .
Studies focusing on the olfactory capabilities of zebrafish have demonstrated that these fish are similar to most other fish species with respect to their general anatomical organization and physiological response properties [8] . Like mammals, each zebrafish OSN expresses one, or at most a few, type of odorant receptor [9] . The projection patterns of OSNs expressing the same odorant receptor remain to be determined but the patterns of glomerular activation in the olfactory bulb indicate that, like mammals, olfactory input in the zebrafish olfactory bulb is represented chemotopically [10] [11] [12] . When the patterns of glutamine-or taurocholic acid-stimulated mitral cell activation were examined using an activity dependent labeling technique approximately 40-50% of the mitral cells were found to participate in the ensemble responses [13] . The concerted activity of these mitral cells, particularly temporal aspects of the ensemble response, is critical to the accurate determination of odor quality [14] . These studies indicate that the dynamic activity of a large portion of the mitral cell population must be considered to understand olfactory coding at the level of the bulb.
The zebrafish olfactory system develops early and rapidly as cells located along the anteroposterior neural plate begin forming the olfactory placodes at 12-14 hours post fertilization (hpf) [15] . At approximately 16 hpf, the olfactory placodes are first by permeating through active ionotropic glutamate receptor channels. Using metabolic profiling in conjunction with activity dependent labeling we demonstrate that neuronal differentiation in the developing olfactory bulb, as assessed by acquisition of a mature neurochemical profile, and sensitivity to an ionotropic glutamate receptor agonist, NMDA, occurs during the second day of development. This experimental approach is likely to be useful in studies concerned with the development of glutamatergic signaling pathways. evident as paired thickenings located lateral and anterior to the forebrain [16] . Twenty hpf axons from a transient group of pioneer neurons form a scaffolding in the developing forebrain which is used by OSNs during initial protoglomeruli formation [17] . A few hours later, OSN axons are observed to accumulate at the surface of the forebrain. By 32 hpf, the epithelium above the olfactory placode opens exposing the dendritic knobs of OSNs to the environment [16] , odorant receptor expression is noted [9] , and axonal projections of OSNs in the developing forebrain begin protoglomeruli formation [18] . Collectively, these results indicate that OSNs acquire the molecular components needed for competency early in development. Functional studies are essential if we are to understand the relationship between the development of the olfactory system and the onset of behavioral responsiveness. Assessment of both mitral cell and inhibitory interneuron activity is critical to understanding the development of the ensemble response of adults.
In the current investigation we report the combined use of metabolic profiling and activity dependent labeling methods which allows correlation of the development of neuronal maturation with the acquisition of functional capability in the zebrafish olfactory system. The metabolic profiling method uses antibodies produced against small metabolites cross-linked to proteins by glutaraldehyde fixation to detect these antigens in ultrathin (50-500 nm), plastic-embedded sections. Many of these small metabolites, including glutamate, GABA and glycine, are important neurotransmitters while others are metabolically-important amino acids. Probing consecutive, ultra-thin sections with different antibodies permits determination of the relative metabolite concentrations in any cell present in all sections. The resulting profiles can be used to identify metabolically-distinct groups of cells. Metabolic profiling has been used to classify cells in the retinas of adult zebrafish [19] and other species [20, 21] . In the olfactory bulb of adult zebrafish the presence of high glutamate immunoreactivity (IR) and no GABA IR in large cells in the glomerular layer was used to identify mitral cells [13] . Lower glutamate and high GABA levels identified inhibitory interneurons. Location, size, tyrosine hydroxylase IR and sensitivity to ionotropic glutamate receptor antagonists further distinguished subgroups of inhibitory interneurons in the adult bulb. The presence of high taurine and glutamate levels identifies OSNs in the olfactory epithelium. To assess central and peripheral neuronal maturation in developing olfactory system we examined changes in taurine, glutamate and GABA levels in 24 hpf and 48 hpf embryos. Relative glutamate and GABA concentrations identified excitatory and inhibitory neurons in forebrain while taurine levels were used to assess OSN maturation in the olfactory epithelium.
To assess functional competence we used an immunocytochemically-based activity dependent labeling technique that detects the presence of agmatine (AGB), a guanidium-derived, divalent cation produced by the decarboxylation of arginine, which enters stimulated cells through open ion channels and can be trapped by glutaraldehyde fixation to endogenous proteins. Agmatine (AGB) has previously been used to assess acetylcholine stimulated activity in the rat brain by autoradiography [22] and ionotropic glutamate receptor stimulated activity in the retina immunocytochemically [23, 24] . Using the immunocytochemical approach, we have shown that synaptic communication between OSNs and mitral cells is glutamatergic with NMDA and AMPA/KA subtypes of ionotropic glutamate receptors responsible for the majority of fast neurotransmission [13] . Although AGB is present in most cells [25] as part of the urea cycle its' endogenous concentration is below the detection limit for IgG antibodies. AGB has also been suggested to serve as a neurotransmitter [26] but has yet to be shown to stimulate activity dependent labeling in the central nervous system [13, 23, 24] . In the present experiments we report that neuronal maturation and acquisition of sensitivity to NMDA occurs during the second day of development.
Materials
All chemicals were from Sigma-Aldrich. Primary antibodies were from Signature Immunologics. The nanogold goat anti-rabbit secondary antibody was from Amersham. Teflon-coated spot slides were from Erie Scientific. Adult zebrafish were from Scientific Hatcheries (Huntington Beach, California).
Procedures
A. Adult zebrafish were purchased from a commercial supplier (Scientific Hatcheries, Huntington Beach, CA) and held at 28.5 °C in 40-80 liter aquaria under a 12:12 hour light:dark regime with approximately 50% of the aquarium water replaced weekly. Fish were fed dried flake food (TetraMin, Tetra Sales USA, Blacksburg, VA) daily. B. Zebrafish embryos (< 4 cell stage) were collected by placing a 15 × 9.5 cm embryo collection container in an aquarium holding a mixed sex population of adult zebrafish when the lights came on in the morning. The collection container was covered with mesh with a pore size sufficiently large enough to permit eggs, by not adults, to pass into the closed compartment below; marbles and a small artificial plant were placed on the mesh cover to promote breeding in the vicinity of the container. Collected embryos were rinsed and held at 28.5 °C in embryo water [27] . Embryos were allowed to develop to 24 or 48 hpf before use. The University of Utah Institutional Animal Care and Use Committee approved experimental procedures. C. To assess the functional development of the olfactory system we examined the metabolic profiles and NMDA sensitivity of cells in the developing forebrain and olfactory epithelium of 24 and 48 hpf embryos. The 24 and 48 hpf time points represent stages of development before and after the time that the apical dendrites of olfactory sensory neurons (OSNs) first contact the environment within the chorion. At each time point the embryos were dechorionated and embedded in 1% low-temperature gelling agarose (Sigma-Aldrich, St. Louis, MO, USA) prepared in artificial cerebral spinal fluid (ACSF) and decapitated using a scalpel. ACSF was composed of the following (in mM): NaCl, 131; NaHCO 3 , 20; KCl, 2; KH 2 PO 4 , 1.25; MgSO 4 , 2; CaCl 2 , 2.5; glucose, 10, adjusted to pH 7.4 after equilibration with 95% O 2 /5% CO 2 . Heads were transferred into fresh 28.5 °C ACSF for 5 minutes, before beginning the NMDA stimulation procedure. To assess NMDA sensitivity, the ACSF bathing the isolated heads was removed and replaced with either fresh ACSF containing 5 mM AGB or fresh ACSF with 5 mM AGB and 1 mM NMDA. All ACSF solutions contained 1 µM tetrodotoxin (TTX) to eliminate spontaneous neural activity and any associated activity dependent labeling. As a low molecular weight substance AGB and NMDA freely diffuse into the tissues of zebrafish of all ages. After a 10 minute stimulation period the heads were rinsed in fresh ACSF (5 min) and fixed overnight at 4 °C in a glutaraldehyde/ paraformaldehyde-based fixative (2.5% glutaraldehyde, 1% paraformaldehyde, 3% sucrose and 0.01% CaCl 2 in 0.1 M phosphate buffer (PB), adjusted to pH 7.4). PB contained (in mM): NaH 2 PO 4 , 64; Na 2 HPO 4 , 15; CaCl 2 , 24; glucose, 167, with a pH of 7.4. D. Tissue embedding and sectioning After two 20 minute rinses in PB, fixed embryos were dehydrated through a graded methanol series (75%, 85%, 95%, 100%, 100%) and 2 absolute acetone rinses before being transferred into 50% acetone, 50% Eponate plastic (Ted Pella, Inc. Redding, California) and held overnight at room temperature. The tissue was subjected to two 1 hour infiltrations with fresh Eponate, then oriented in blocks and cured at 65 °C overnight to several days. Coronal (50-500 nm) sections were collected at 6 µm increments throughout the forebrains of embryos using a Leica Ultracut UCT ultramicrotome and a diamond knife (DDK, Wilmington, DE) and placed in separate wells of Teflon-coated spot slides (Erie Scientific, Portsmouth, NH). E. Immunocytochemical methods Before immunostaining, sections were deplasticized for 7 min in 25% sodium ethoxide solution (saturated NaOH in absolute ethanol (ca. 140 g NaOH/I), diluted 1:4 with absolute ethanol), rinsed 3 × 2 min with absolute ethanol (or absolute methanol) and 5 minutes in distilled water before drying and applying 24 µl of the appropriate primary antibody to each section (blocking of the sections prior to antibody addition is not required). After application of primary antibody, slides were stored in a humidified chamber at room temperature overnight. Primary IgG antibodies, produced in rabbit, against adenosine diphosphate (ADP), agmatine (AGB), alanine, arginine, aspartate, citrulline, GABA, glutamate, glutamine, glutathione, glycine, serine and taurine were diluted in PB containing 1% goat serum and 0.05% thimerizol (as a preservative) according to the manufacturer's instructions (Signature Immunologics, Salt Lake City, Utah, USA). After a 15 min rinse in PB, a 1 hour treatment with a goat antirabbit nanogold secondary antibody (Amersham Biosciences, Piscataway, NJ) and a final 1 hour rinse in PB, antigen distribution was visualized by silver intensification [28] . After viewing under the microscope to verify appropriate staining the slides were coverslipped using Eponate plastic. F. Image analysis Eight-bit digital gray scale images were captured at several magnifications with a Zeiss Axioplan 2 microscope under bright field illumination using a Zeiss Axiocam CCD camera controlled by Axiovision software (Carl Zeiss, Thornwood, NY). To allow comparison of relative antigen concentrations in the 24 and 48 hpf embryos images of each antigen were captured using identical microscope and camera settings. Registration of digital images was performed using Geomatica Software (PCI Geomatics, Richmond Hill, Ontario, Canada) with the image of glutamate IR serving as the reference image. Twelve to twenty four structures common to both images were selected to seed a first order polynomial fitting routine that registered the GABA, taurine and AGB images to the glutamate image. Color composite images of the registered images were produced in Photoshop (Adobe Systems, San Jose, California) by placing individual inverted gray scale images of glutamate and GABA into the green and blue channels and either the taurine or AGB image into the red channel of an RGB image. The images were not manipulated further.
To assess changes in the metabolic profiles of individual cells, areas of interest (AOIs) were placed over the cell soma using Image Pro Plus software (Media Cybernetics, Silver Spring, MD). AOIs were generally produced using the RGB images which permitted easier determination of the cell types and insured accurate placement of the AOIs in each image. Outline files of the AOIs were saved and applied to inverted copies of the original gray scale images for quantification of the average pixel intensities of each of the amino acids examined. By inverting the images the average pixel intensity values reported were directly proportional to the amino acid concentration (0 = white, no immunoreactivity; 255 = black, maximal immunoreactivity). Statistical comparisons of metabolic profiles of the different cell types, ages and NMDA treatment conditions were determined using a t-test (SPSS Inc., Chicago, Illinois).
Results and discussion
The primary objectives of the experiments described here were to determine if it is possible to assess changes in neurochemical profile (1) during development of the olfactory system and (2) establish a relationship between neuronal maturation and acquisition of functional sensitivity. As previous studies of olfactory development in zebrafish have established the time from 24 hpf to 48 hpf as a period of rapid change (see introduction) we examined metabolic profile changes at these two time points.
Immunocytochemical methods using conventional visualization strategies, such as fluorescent secondary antibodies, permit simultaneous detection of 2-3 antigens; the use of consecutive, ultra-thin sections (50-500 nm) individually stained with antibodies recognizing distinct antigens and the subsequent registration of these sections permits co-localization of many more antigens to individual cells. For example, ten 500 nm thick sections can be collected through the soma of the 5 µm diameter cell, using 50 nm thick sections permits 10-fold more antigens to be examined. To illustrate metabolic profiling we stained consecutive sections through the olfactory epithelium and forebrain of a 48 hpf embryo with 12 different antibodies (Figure 1 ). Some metabolites, such as glutamate and glycine, were distributed uniformly at relatively high concentrations. Other Figure 1 . Metabolic profiling reveals the heterogeneity in the olfactory epithelium (OE) and forebrain (FB) of a 48 hpf embryo that had not been exposed to NMDA. Consecutive 50 nm thick sections were stained with antibodies against ADP, alanine, arginine, aspartate, citrulline, GABA, glutamate, glutamine, glutathione, glycine, serine and taurine. Images of arginine, citrulline and serine IR are not shown as the levels of these amino acids were below the detection level of the IgG antibodies. Since taurine IR in the olfactory epithelium is restricted to OSNs, GABA IR labels inhibitory interneurons and high glutamate IR is found in excitatory neurons we focused on these metabolites. Abbreviations: E -eye. metabolites were distributed uniformly but present in intermediate (alanine and glutamine) or lower (aspartate and ADP) concentrations. Still other metabolites, such as GABA, glutathione and taurine, are heterogeneously distributed, or present at concentrations below the level of detection for the IgG antibodies (ca. 50 µM; arginine, citrulline and serine -images not shown). Multidimensional classification strategies to identify cell groups have been developed [19, 28] but were not applied in the current study, because the developing olfactory bulb lacks the anatomical organization necessary to discriminate different cell groups with similar metabolic profiles. Of the numerous metabolites that could be used to identify specific cell types, we focused on glutamate and GABA as prototypic excitatory and inhibitory neurotransmitters and taurine which is found in high levels in mature OSNs.
Between 24 hpf and 48 hpf the expression patterns for taurine in the olfactory epithelium and GABA in the developing forebrains of embryos change dramatically (Figure 2 ). At 24 hpf, both taurine and GABA IR were virtually undetectable although weak taurine IR in a few cells in the olfactory placode (not shown) and weak GABA IR in the brain were noted in a few cells. By 48 hpf, however, numerous taurinepositive cells were found in the olfactory epithelium with the processes of these cells observed in the olfactory nerve and in the developing glomerular fields of the olfactory forebrain. Although taurine is thought to serve a role in osmoregulation it specific role in zebrafish olfactory development remains to be established. Also present at 48 hpf were numerous GABA-positive cells in the brain. Many of these cells were in close proximity to the taurine-positive terminations of the developing OSNs. In contrast to the dramatic increases in the levels of taurine and GABA IR noted in a subset of cells between 24 hpf and 48 hpf, glutamate levels in both the olfactory placode and forebrain were uniformly high at 24 hpf and remained high, though more variable, at 48 hpf. The metabolic profiles observed in both the olfactory epithelium and forebrain of 48 hpf embryos suggest that at least a portion of the neurons present at this age have achieved a mature profile.
To determine if changes in metabolic profiles noted between 24 hpf and 48 hpf correlate with the acquisition of functional capability we tested neuronal sensitivity to the ionotropic receptor agonist NMDA at these two time points. A cation channel permeant probe, agmatine (AGB), was used to label NMDA-stimulated cells in an activity dependent fashion. Since previous, experiments with adult zebrafish olfactory bulbs demonstrated that a 10 min labeling period was sufficient to achieve maximal labeling of virtually all neurons stimulated with a high dose of NMDA, and a 5 minute rinse in fresh ACSF after the labeling period was sufficient to remove exogenous AGB [13] , these times were used for experiments with zebrafish embryos. To assess the functional status of neurons in the developing forebrain we decapitated 24 hpf and 48 hpf embryos and bathed the heads in ACSF + 5 mM AGB alone (control) or with 1 mM NMDA added. No NMDA stimulated labeling was observed in 24 hpf embryos but many AGB-positive neurons were observed in NMDA stimulated 48 hpf embryos (see Figure 2) . Mapping gray-scale images of AGB, glutamate and GABA IR into the red, green and blue channels of an RGB image revealed that some, but not all, of the glutamate-positive excitatory neurons and GABA-positive inhibitory neurons are AGB labeled following stimulation with NMDA (Figure 3) . Our results indicate that the first NMDA receptors are functionally expressed some time between 24 and 48 hpf. No AGB-positive cells were observed in control embryos (data not shown). The later finding is not unexpected since the addition of TTX to the ACSF bathing the embryo heads blocked sodium channel activation eliminating all labeling associated with spontaneous neuronal activity.
To quantify developmental changes in levels of taurine, glutamate and GABA IR in the developing forebrain and NMDA stimulated increases in AGB IR, we set identically-sized areas of interest over individual cells on composite RGB images of taurine, glutamate and GABA IR then applied those areas of interest to inverted gray-scale images of taurine, glutamate, GABA and AGB IR to obtain an average pixel intensity for each metabolite for each cell. Two groups of neurons, the GABA-positive, presumably inhibitory neurons and the glutamate-positive, presumably excitatory neurons were examined from 2 embryos stimulated with 1 mM NMDA at each time point. Since there were few differentiated, GABApositive neurons at 24 hpf, the first group of 30 neurons included all cells expressing GABA but also other randomly-selected cells with much lower GABA levels. The second group of neurons were glutamate-positive cells, all with low levels of GABA IR. For the 48 hpf embryos, all GABA-positive neurons and 30 glutamate-positive neurons were examined. The relative homogeneity in the patterns of labeling of neurons in 24 hpf embryos is reflected by the slight, insignificant differences (t-test, P > 0.05) in the average pixel intensities of taurine, glutamate and GABA IR for the two groups of neurons (Figure 4 A-C) . Examination of additional weak GABA-positive neurons at 24 hpf would be necessary to determine if these cells are competent. The average glutamate levels of the glutamatepositive groups of neurons were not significantly different at 24 hpf and 48 hpf but there was a slight drop in glutamate IR in the GABA-positive neurons at 48 hpf compared to either group of neurons at 24 hpf. Changes in GABA IR were much more dramatic. There was a significant, three-fold increase in the level of GABA IR in the GABA-positive cells at 48 Figure 2 . Metabolic profiles of neurons in the olfactory placodes (OP), olfactory epithelium (OE) and forebrains (FB) change dramatically between 24 hpf (left) and 48 hpf (right). These embryos were stimulated with 1 mM NMDA, fixed, embedded and sectioned as described in the methods and immunostained for taurine, glutamate, GABA and AGB. At 24 hpf, glutamate IR was extremely high in virtually all cells, taurine and GABA IR was extremely low. In the plane of section shown, a few neurons with weak GABA IR are present (arrow). In other 24 hpf embryos, a few neurons in the olfactory placode had weak taurine IR (not shown). By 48 hpf, numerous taurine-positive and GABA-positive neurons are observed in the olfactory epithelium and forebrain, respectively. Glutamate IR remains high but there is evidence of heterogeneity in its distribution in both the olfactory epithelium and forebrain. NMDA stimulated permeation of AGB into forebrain neurons of 48 hpf embryos but not 24 hpf embryos.
hpf compared to the level of GABA IR noted at 24 hpf (t-test, P < 0.05). Taurine measurements in 48 hpf embryos revealed increases in both the glutamate-positive and GABA-positive groups of cells compared to the 24 hpf embryos but only the GABA-positive cells achieved statistical significance (t-test; P < 0.05).
The NMDA stimulated labeling of both groups of neurons in 48 hpf embryos, as measured by the average pixel intensity of AGB IR, increased by about 50% above the levels measured in 24 hpf embryos ( Figure 5 ). Owing to the wide range of AGB IR in the neuron groups, NMDA stimulation was not significant at the population level for either group of cells across the two time points examined (t-test, P > 0.05) or between NMDA-exposed and control preparations at 48 hpf (data not shown).
An alternative approach for examining NMDA stimulated labeling with AGB in a population of neurons is to identify the proportion of cells in each group that are significantly stimulated. To accomplish this we selected several regions in close proximity to the olfactory forebrain that contained no labeled neurons and calculated the average background pixel intensity and the 95% confidence interval for AGB IR for these regions. The regions of interest selected for background staining measurements undoubtedly contain small processes of some labeled cells which would tend to increase the average pixel intensity and consequently underestimate the number of labeled cells. The error is unlikely to be significant since comparisons of the background staining levels in control embryos exposed to AGB alone and embryos exposed to NMDA and AGB were not significantly different (data not shown). After applying the background cut-off to identify NMDA stimulated cells we failed to note any NMDA-stimulated, glutamate-positive or GABA-positive neurons in any 24 hpf embryos but 45% ± 11.7% (SD, n = 60 cells) of the glutamate-positive neurons and 43.5% ± 8.4% (SD, n = 110 cells) of the GABA-positive neurons had average AGB pixel intensity values falling outside of the background 95% confidence interval indicating that both classes of neurons were NMDA stimulated at 48 hpf. Collectively, the metabolic profiling and functional characterization suggest that Two embryos exposed to either 1 mM NMDA and 5 mM AGB in ACSF or 5 mM AGB in ACSF (control) were examined. Elevated AGB IR, indicative of the presence of NMDA stimulated neurons, was evident in both the (A) glutamate-positive and (B) the GABA-positive neurons of 48 hpf embryos but not in 24 hpf embryos. Neither increase was significant, in part due to the presence of a mixture of NMDA-sensitive and NMDAinsensitive cells in each group of neurons (t-test, P > 0.05). The average pixel intensities of 60 glutamate-positive neurons and 60 GABA-positive neurons for both the NMDA-exposed and the control groups were examined at 24 hpf and for the glutamate-positive neurons at 48 hpf. A total of 192 and 273 GABA-positive neurons were examined from the control and NMDA-exposed 48 hpf embryos, respectively. major changes occur between 24 hpf and 48 hpf. Additional time points must be examined between these two time points to determine if acquisition of a mature metabolic profile and NMDA sensitivity occur simultaneously.
The techniques described provide an accurate and quantifiable approach for establishing the functional development of the nervous system pharmacologically, provided the ion channels involved in inter-neuronal signaling are permissive to AGB permeation. The ability of odors to stimulate labeling was not tested in the current investigation for a number of reasons. Agmatine, the ion channel permeant probe, is an odorant for zebrafish [29, 30] . While the use of TTX in the ACSF eliminates AGBstimulated OSN input which might confound pharmacological experiments such as the NMDA stimulated labeling reported herein, TTX cannot be included in the incubation medium when odor stimulated signaling is being examined. This makes forebrain neuron labeling associated with spontaneous OSN activity and AGB stimulation difficult to discriminate from other odor-stimulated activity. Theoretically, preventing the ACSF-AGB labeling solution from contacting the olfactory epithelium during odor stimulation would resolve this difficulty but this can be difficult with small embryos. These technical issues are of less concern in other, nonolfactory, central pathways.
Studies of the functional development of the olfactory nervous system are further complicated by the lack of a discrete olfactory bulb with distinct glomerular and internal cell layers which are found in adults but don't develop until several weeks postfertilization. Consequently, differentiation of neurons involved in olfactory processing from other forebrain neurons is difficult during early embryonic development. This problem could be addressed using a strategy developed to explore central olfactory projections in mice [31] . Transgenic mice lines expressing a plant lectin under control of OSNspecific promoters trans-synaptically label central olfactory neurons with the lectin allowing precise projection patterns to be established. With the recent identification of the zebrafish olfactory marker protein promoter [32, 33] it should be possible to trans-synaptically label central olfactory neurons in zebrafish with lectins. Although detectable postsynaptic labeling will be delayed relative to the first synaptic connections, these transgenic fish lines would permit the precise identification of central olfactory neurons required to better understand early olfactory development.
